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Abstract— Whiteboards although not new, form the basis for an effective learning in organisations and the educational sector of 
technology.The most common technique of erasing a whiteboard is by the use of a whiteboard wiper which is a hand held object 
manually controlled by the student or teacher. Although the type of material used in wiping the board has evolved, the manual labour is 
still a constant factor. Technologically, improvements have been achieved in this area where we have the Interactive Whiteboards, 
However, the cost of acquisition and installation is on the high side for most institutions. The need to save time, funds and effort in 
schools, offices and various other areas where boards are applied is exceedingly growing and through the use of an automated 
whiteboard wiper, this can be wholly achieved. In this paper, we design and construct a white board wiper that will completely wipe clean 
the board after being used with the aid of a push button. The Whiteboard Wiper is a purely electro-mechanical automated whiteboard 
erasing system, which incorporates a logic gate based control circuit and a mechanical system that will allow for adaptability to various 
sizes and is reasonably affordable. 
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1 INTRODUCTION 
oards play a major role in both business and 
educational sector. It is known to be one of the major 
ways amongst many for teaching, presentation and 
display. Although it started out as the blackboard, it has 
emerged into enhanced technological boards such as the 
electronic board, interactive whiteboard and plain 
whiteboards. The whiteboard which is commonly used in 
the educational sector is the basis of this paper, aiming to 
ease lecturers, teachers as well as students of the work, 
time and effort it takes to clean the board. An Institution 
that adapts the appropriate technology can inspire and 
support teaching. (Sider, 2014). In this technological age of 
continually evolving computers, laptop, video displays, 
interactive whiteboards, and internet access, it is shocking 
to realize that education was first influenced by 
introduction of chalkboard (Zarco, 2013).   
 
The magnetic whiteboard has gone through numerous 
changes over the past decade, most of which are not easily 
noticeable (Ferguson, n.d.). The cost of the Whiteboard 
has gotten cheaper over time, the surface has become 
easier to wipe and the glare has been reduced. Although 
there have been new constructions and replacements of 
existing chalkboards, the magnetic whiteboard still 
remains the most popular. Whiteboards are also similar to 
chalkboards, allowing rapid marking and erasing of 
markings on the surface. The use of whiteboards in 
learning environments can affect learning in many ways, 
including raising the level of interaction in a classroom, 
inspiring students and stimulating eagerness for learning. 
Whiteboards support many different learning styles and 
are used in different learning environments, including 
those with hearing impairments. Educators were the first 
people to recognize the whiteboard’s potential as a tool 
for collaboration, improving student learning outcomes 
and streamlining lesson plans (Souhila, 2013). 
Unfortunately, most whiteboards used by institutions are 
still erased by manual user action, which is tedious. 
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In this paper, an automatic whiteboard erasing system 
which consistently cleans boards with the push of a 
button is created. It is an electro-mechanical system that 
applies the use of combinational circuits and DC motor to 
automatically control the wiping of a board. It’s a tool for 
teaching and a tool for learning. These two broad 
categories emerged in this reports: the Automatic 
Whiteboard wiper as a tool to enhance teaching, and as a 
tool to support learning. Not just does it help teachers and 
lecturers but it supports students to also learn by its 
flexibility and versatility, interactivity of teachers and 
students, efficiency and modelling electronic skills. 
1.1 The Evolution of the Whiteboard 
The early whiteboards that came out were comprised of 
melamine. Not only was it costly, but excessive use left 
faint images of the material on it. Cleaning was also 
difficult. In view to rectify this, modification has been 
done not just on the materials used for board production 
but also on the type of marker used on them (Simolowo, 
2014). The interactive whiteboard (IWB), which is also 
known as the electronic Whiteboards are touch-sensitive 
boards which comes in various sizes, controls a computer 
connected to a digital projector. In the early 1990s, the 
interactive whiteboard was introduced to the public. The 
boards were used as tools to help corporations conduct 
training sessions and meetings, professional sports teams 
improve coaching and in educational settings (Interactive 
Whiteboard). Over the next decade and a half, use of 
interactive whiteboard technology grew substantially.  
 
Most of the growth seen in the use of interactive 
whiteboards is in the classroom. They were originally 
developed for office settings (Greiffenhagen, 2002) and are 
a relatively new technology to education. Despite the 
benefits of this technology, it is unrealistically affordable 
for most institutions to implement in all classrooms, 
especially in developing countries, hence the need to 
increase the efficiency of the affordable white board.As 
the whiteboard was implemented in various institutions 
and organizations, improvements was also performed, 
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majorly on its surface, by various companies. Students 
became distracted by the glossiness of the surface and this 
led to the reduction of the surface gloss. As at the late 
2000s, the surface was of high value due quality of the 
paint coating being used resulting in a very smooth and 
clear surface. The Whiteboard surface can be of various 
materials such as the melamine, magnetic glass, porcelain 
and painted steel. The most widely used material is the 
Melamine. This is widely used due to the fact that it is the 
least expensive. However, it is the least durable form in 
comparison to the other types and wears out after a 
period of time. It is a trade-off between cost and 
durability. A more durable type is the painted steel which 
is way smoother than the melamine. A major 
disadvantage of this surface material type is that the 
markers leave behind traces.  The glass type overcomes 
the limitations of both Melamine and Painted steel. 
However, the porcelain type has been proven to be the 
most environmentally sound surface type. Permanent 
markers can be erased. All non-abrasive cleaners can be 
used on it as well. 
2 RELATED WORK 
This section is strictly devoted to the review of the 
theoretical background (technical) leading to the design 
and implementation of this work. This reviews other 
similar work proposed and achieved. The desired 
objective is to position this paper with respect to existing 
works and findings and improving on their shortcomings. 
2.1 Case One (Simolowo, 2014) 
In this work, an electro-mechanical system is created with 
the use of sprockets, an electric motor and a chain. The 
auto-board was powered by a single phase 0.6 HP electric 
motor. The chain drive parameters were determined 
based on estimations of the centre distance between the 
sprockets, the required cleaning time, number of sweeps, 
total number of chain links and the expected performance. 
One of the major limitations of this method is that the 
chains used would need frequent lubrication. Also, the 
cost of a chain drive is higher as compared to belt drive. 
Maintenance cost of the chain drives are also higher and 
more complex than the belt drive.  
2.2 Case Two (Chirag Shah, 2005) 
This patent is for a system for automatic erasure of a 
board embodied by a motor plus a pair of rods capable of 
being rotatable driven by the motor.  Pulleys attached to 
each of the rods with an eraser member affixed to two 
belts provide horizontal erasing action.  
 
3 SYSTEM DESIGN AND ANALYSIS  
For the methodology of the board wiper, various 
components have been put together to make the 
automatic board wiper functional.  These electrical and 
mechanical components work hand in hand to provide the 
desired output. Below is an introduction to the various 
components and how they work and thereafter the 
combination of them to produce the board wiper. Major 
components include the dc motor, logic gate, resistors, 
capacitors and transistors, gear, moving belt and pulley, 
transformers, relay diodes, pilot light etc.  
 
With the power supply connector switched on, when the 
wipe button is pushed, the control process is initiated 
changing the states of the transistor switches which in-
turn controls the motion of the DC motor in forward and 
then reverse directions. The mechanical part of the system 
that physically wipes the board is connected to the DC 
Motor and cleans the surface of the board during the 
forward and reverse movements of the motor.  After 
every completed cycle, the motor returns to its initial 
position. Figure 3 shows a detailed process flow diagram 
of the board wiper from the input to the output motion of 
the wiper.  
3.1 DC Motor 
The direct current (DC) motor is a device that converts 
electrical power into mechanical power. Permanent 
magnet (PM) direct current converts electrical energy into 
mechanical energy through the interaction of two 
magnetic fields. One field is produced by a permanent 
magnet assembly; the other field is produced by an 
electrical current flowing in the motor windings. These 
two fields result in a torque which tends to rotate the 
rotor. As the rotor turns, the current in the windings is 
commutated to produce a continuous torque output. The 
stationary electromagnetic field of the motor can also be 
wire-wound like the armature (called a wound-field 
motor) or can be made up of permanent magnets (called a 
permanent magnet motor).  
In either style (wound-field or permanent magnet) the 
commutator acts as half of a mechanical switch and 
rotates with the armature as it turns. The commutator is 
composed of conductive segments (called bars), usually 
 
 
Fig. 1.Isometric View of Automated Whiteboard Cleaner (Simolowo, 
2014) 
 
 
 
Fig. 2.White Board Wiper 
 
Fig. 3.Process Flow Diagram of the Board Wiper 
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made of copper, which represent the termination of 
individual coils of wire distributed around the armature. 
The second half of the mechanical switch is completed by 
the brushes. These brushes typically remain stationary 
with the motor's housing but ride (or brush) on the 
rotating commutator. As electrical energy is passed 
through the brushes and consequently through the 
armature a torsional force is generated as a reaction 
between the motor's field and the armature causing the 
motor's armature to turn. As the armature turns, the 
brushes switch to adjacent bars on the commutator. This 
switching action transfers the electrical energy to an 
adjacent winding on the armature which in turn 
perpetuates the torsional motion of the armature. The 
direction of rotation depends on the polarity supply to the 
motor as shown below in Figure 4.     
 
Calculating the Power Required 
Physically, power is defined as the rate of doing work. For 
linear motion, power is the product of motion multiply by 
distance per unit time. In case of rotational motion, the 
analogue calculation for power is the product of torque 
multiplied by the rotational distance per unit time. 
 
Where,Prot= rotational mechanical power 
M = torque 
W = angular velocity 
Where, angular velocity = Wrad/sec =  
The motor operate on 12 volt direct current. Motor 
rotational power rotates the alternator to generate voltage 
out. The motor power determines the capacity of the 
generator. 
 
3.2 Mechanism of the mechanical Components of 
the Board Wiper 
The major component of the wiper is the motor, gear 
teeth, pulley and moving belt. A pulley is a wheel which 
is driven by a power source (Slocum, 2008). Connected to 
the wheel is a belt which in turn is connected to another 
wheel, when the wheel which is connected to the power 
source turns, the belt drives the second wheel. With a gear 
system the wheels are in direct contact and each has teeth 
round its edge. The teeth from one wheel drive the teeth 
on the other wheel which in turn makes the wheel go 
round and move the wiper along the white board surface 
through the belt. In each of these cases one of the wheels 
is the driver (the one connected to the power source, 
usually a motor) and the other wheel is the driven. The 
wiper surface is made up of fur and magnetic materials 
that have strong adhesive force to the board.  
 
The NAND gate which is a NOT-AND gate was used as 
switches for the control of the wiper direction of 
movement; forward or reverse motion of the motor shown 
below. The outputs of all NAND gates are high if any of 
the inputs are low. So, its output is the opposite from 
AND.   
 
The NAND gate above IC CD4011 is wires as a flip flop 
here. The 9, 13 pins of the IC work as the set and reset 
contacts respectively. CMOS IC 4011 requires a very low 
current for controlling its gates. Since the pins 9 and 13 are 
 
 
Fig. 4.DC motor mechanism adapted from NCERT 
Table 1.Inputs and output of a NAND Gate Control 
circuit of the Wiper 
INPUT  A INPUT  B OUTPUT 
0 0 1 
1 0 1 
0 1 1 
1 1 0 
 
 
 
Fig. 5.front view of the board 
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Fig. 6.Control Panel Circuitry Panel  
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Fig. 7.Control circuit of the Wiper 
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connected to the positive via resistors R1 and R2, the logic 
gates of the ICs will be in high state. When we touch 
through the points A, B the gates of the IC will be closed 
and the output becomes low. This switches ON the 
transistor Q1 and the relay gets activated. When we touch 
through the points C, D the gates again becomes high and 
switches the transistor OFF. This makes the relay OFF. All 
these switches control the motion and direction of the 
wiper. The circuit is built twice, one control the reverse of 
the switch and the other control the OFF and ON of the 
motor. The use of micro switch was adapted to control the 
OFF, ON and REVERSE of the motor .the switches are 
connected secretly to the two sides edge of the board to 
control the direction of the wiper. Thus by touching 
through the contact points A,B and C,D the motor 
connected through the relay can be switched On and OFF. 
Thus, kin resistance 10 kilo ohm effectively brought to the 
gate logic state «0» which makes changing the condition 
of the flip-flop. For any given state of the Flip-flop is set in 
accordance touching contacts would make a circuit to 
reverse the country’s balance and force the switch to 
switch. It’s used as a relay switch and is driven by a 
transistor which is driven from the output of the flip-flop. 
   
For the transistor configuration, since the transistor is 
biased to saturation. 
VCE = 0, when the transistor is ON 
Which implies that, 
V+ = IcRc + VCE     
     
Vin = IBRB + VBE  
Ic = Hfe      
  
Rb = Vin – VB     
  
             IB 
Where,  
IC = collector current 
IB = base current 
Vin = input voltage 
V+ = supply voltage 
VCE = collector-emitter voltage 
HFE= current gain. 
 
3.3 Power Supply Working Mechanism 
The motor uses a high current transformer of 3amps and 
rectified with bridge diode so as to power the motor 
effectively. The project uses two transformer .The panel 
control stage in the project uses +12V DC power supply. 
The 220V AC power supply from PHCN was stepped 
down by the transformer to 18V rms and the bridge 
rectifier which uses four diodes of 2m amps was used to 
convert the alternating current to a direct current by 
rectifying it, after which a filter simply a capacitor 
connected from the rectifier output to the ground was 
used to filter the ripples from the transformer and then an 
integrated circuit 12V voltage regulator connected to the 
output of the filtered rectifier was used to regulate the 
voltage and keep it fixed at 12V i.e. by maintaining a 
constant output voltage despite changes in the input or 
load current. The capacitor input filter reduces the input 
ripple to the regulator to an acceptable level. A power 
transistor was used to boost the 1.5mA current from the 
voltage regulator to 1A to power the circuit by connecting 
to the base of the bipolar junction transistor and the 
emitter is connected to the ground, collector to the relay. 
The power supply circuit diagram is shown in figure 
below. 
 
There are two transformers used in the power supply unit 
for both the circuit and the motor as shown in the figure 
below. The tone ratio of the transformer of the first circuit 
(for the motor) can be calculated below: 
Let Ns = the secondary number of turns of the 
transformer 1 and likewise 
Np = the primary number of turns of the same transformer 1 
 =  
Where Vs is the voltage at the secondary side  
And Vp is the voltage at the primary side of the transformer 
The output at the secondary stage of the transformer one was 
12v and it was stepped down from 220v which is the primary 
voltage. The transformer has a primary turn of 800. Therefore, 
 = 47  
Tone ratio = k =  = = 0.06: 1 
For the second transformer, Vs = 18 because the transformer 
stepped the 220 volts to 18v first and the primary turns was 
1000: 
 = 81 
Tone ratio = k =  = = 0.081:1 
4 TESTING, CONSTRUCTION AND 
IMPLEMENTATION 
This section basically outlines a detailed documentation of 
the implementation of the automatic board wiper and its 
various modules, both mechanical and electrical modules. 
The testing of the various components that makes up the 
 
Fig. 9.Circuit Diagram of the Automated White Board Wiper Control 
System 
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Fig. 8.Power Supply Circuit 
FUOYE Journal of Engineering and Technology,Volume 1, Issue 1, September 2016                             ISSN: 2579-0625 (Online), 2579-0617 (Paper) 
 
 
    FUOYEJET © 2016                 94 
engineering.fuoye.edu.ng/journal 
 
 
movement of the board wiper to and fro will also be 
looked into to give more insight into the topic. 
4.1 Testing 
The physical realization of the paper is very vital. This is 
where the fantasy of the whole idea meets reality.  The 
designer will see his or her work not just on paper but 
also as a finished hardware. 
The hardware was tested by connecting the power cord to 
the AC input and the output was read with voltmeter 
before it was connected to the circuit. The motor was 
tested manual on battery to ascertain functionality of the 
motor before connected on the circuit.   
After carrying out all the paper design and analysis, the 
system was implemented and tested to ensure it’s 
working ability, and was finally constructed to meet the 
desired specifications. The process of testing and 
implementation involved the use of some test and 
measuring equipment stated below. 
 
Bench power supply: this was used to test the control 
circuit model on a bread board before the project was 
finally soldered.  
 
4.3 Implementation 
The implementation of this work was first done on a 
breadboard. A D.C power supply was first derived from a 
bench power supply in the school electronics lab to test 
the touch switch circuitry. Stage by stage testing was done 
according to the block representation on the breadboard, 
before soldering of circuit commenced on Vero board. The 
various circuits and stages were soldered in tandem to 
meet desired workability of the system.       
 
4.4 Construction 
The construction of the project was done in two different 
stages: the soldering of the circuits and the coupling of the 
entire system to the casing. The transformer stage and 
rectification stage were first constructed and then 
soldered to the Vero board, and then it was cased. The 
soldering of the project was done on a Vero- board, and 
was soldered on one Vero board. The second phase of the 
project construction is the casing of the system. The 
system was constructed in a cast iron due to mechanism 
and belt pulley present in the system. This system was 
coupled to a metal casing and plastic. The casing material 
being wrought metal (cast iron) designed with special 
perforation and also sprayed to ensure insulation and give 
ecstatic value and covered with plastic to beautify the 
outlook. 
5 CONCLUSION 
A wider path to an improvement in technology in the 
educational sector has been achieved in this work. Besides 
the laptops, palm computers and other gadgets, in the 
educational sector as well as the business sector, learning 
is the most important key and improvements technically 
on training and teaching tools are needed so as to achieve 
set goals in due time. The construction of an automatic 
board wiper system that provides the learning 
environment with an improved wiping system on boards 
can be wholly applied in schools, institution, colleges, 
business and office environment thereby easing them of 
the pain, effort, energy and time it costs to wipe a board 
and opening new doors into a whole new world of 
technology. This work can be further improved on by 
adding remote control functionality via the use of 
embedded systems. Also, improvements can be achieved 
by segmenting the system so that users can select what 
part of the board surface to clean.This system would 
surely make learning more interesting to both tutors and 
students. 
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